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Abstract In low- and middle-income countries (LMIC),
determinants of women’s and children’s health are com-
plex and differential vulnerability may exist to risk factors
of perinatal distress and preterm birth. We examined the
contribution of maternal perinatal distress on preterm birth
and infant health in terms of infant survival and mother–
infant interaction. A critical narrative and interpretive lit-
erature review was conducted. Peer-reviewed electronic
databases (MEDLINE, Embase, Global Health, CINHAL),
grey literature, and reference lists were searched, followed
by a consultation exercise. The literature was predomi-
nantly from high-income countries. We identify determi-
nants of perinatal distress and explicate changes in the
hypothalamic–pituitary–adrenal axis, sympathetic, immune
and cardiovascular systems, and behavioral responses
resulting in pathophysiological effects. We suggest cul-
tural–neutral composite measures of allostatic mediators
(i.e., several biomarkers) of maternal perinatal distress as
objective indicators of dysregulation in body systems in
pregnant women in LMIC. Understanding causal links of
maternal perinatal distress to preterm birth in women in
LMIC should be a priority. The roles of allostasis and al-
lostatic load are considered within the context of the health
of pregnant women and fetuses/newborns in LMIC with
emphasis on identifying objective indicators of the level of
perinatal distress and protective factors or processes con-
tributing to resilience while facing toxic stress. We propose
a prospective study design with multiple measures across
pregnancy and postpartum requiring complex statistical
modeling. Building research capacity through partnering
researchers in high-income countries and LMIC and
reflecting on unique ethical challenges will be important to
generating new knowledge in LMIC.
Keywords Maternal stress  Pregnancy outcome  Infant,
preterm  Allostatic load  Developing countries
Introduction
Both perinatal distress and preterm birth are world-wide
problems that are especially burdensome in low- and
middle- income countries (LMIC). Maternal prenatal and
postnatal distress (i.e., stress, anxiety, or depression at any
time in pregnancy and during the first year following birth
of the infant), collectively referred to as ‘‘perinatal dis-
tress,’’ may be significantly higher in LMIC than high
income countries [1]. The prevalence of perinatal mental
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disorders reported for LMIC is comparable to certain high-
risk groups of women living in high-income countries [1–
3]. In LMIC the determinants of women’s and children’s
health are complex. Moreover, inequities in determinants
of health and the social, cultural, and political contexts of
women in LMIC negatively influence women’s mental
health. Consequently, differential vulnerability may exist
not only to risk factors of perinatal distress, but also to
predictors of pregnancy outcome [4].
Stress, anxiety, or depression during pregnancy may
contribute to preterm birth [5, 6]. Every year, 15 million
babies are born prematurely, and 1.1 million will die due to
prematurity-related health issues globally [7, 8]. Twelve of
the 15 countries which contribute more than 60 % to the
global burden of preterm birth are low or low-middle income
countries [9]. Preterm birth is one of the major contributors to
infant mortality and morbidity [7, 10], accounting for 80 %
of the world’s 1.1 million deaths [9]. Africa and South Asia,
with the exception of Pakistan, have made some progress in
improving neonatal survival; however, death resulting from
preterm birth is now the second leading cause of newborn
deaths [7, 9]. Up to 50 % of pediatric neurodevelopment
problems (e.g., cerebral palsy, lower intelligence quotient)
are estimated to be the result of preterm birth [11–14].
Perinatal distress may also adversely influence infant
survival, behavior, and development through poor quality of
maternal–infant interactions [15–21]. A Taiwanese popula-
tion-based study, that linked birth and death certificate reg-
istry, found the adjusted risk of mortality among preschool
children up to age 5 years was 1.47 fold (95 % Confidence
Interval, CI 1.16–1.87) when mothers experienced depres-
sion in the first year following birth [22]. Infants born in
LMIC are already exposed to poverty, poor health, and poor
nutrition, which reduces their developmental potential [23].
Beyond these issues, infants of depressed mothers are less
likely to be breastfed, have incomplete immunizations, have
poorer weight gain, and are more likely to experience ill-
nesses, such as diarrhea, which in turn, may increase the
number of hospital admissions and contribute to higher
mortality in children under 5 years of age [24–31].
Clinicians typically rely on self-report questionnaires to
assess perinatal distress. While very useful, self-report is
prone to bias or error [32]. An alternative is to use bio-
markers that may offer a more objective and quantifiable
indicator of the level of perinatal distress [33]. The con-
ceptual framework of allostatic load [20] links perinatal
distress and its physiological responses to multisystem
dysregulation, which promotes a cascade of events ulti-
mately impacting pregnancy outcome (i.e., preterm birth)
and infant health (i.e., survival and development) [16, 18–
20, 34]. In this context, biomarkers that detect physiolog-
ical compromise may be useful predictors of perinatal
distress and its negative consequences. Specifically,
perinatal distress may activate aspects of the hypotha-
lamic–pituitary–adrenal (HPA) axis, sympathetic, immune
and cardiovascular systems, and promote behavior changes
(e.g., smoking, drinking) in the effort to restore allostasis
[13, 20]. Over time, given ‘‘wear and tear’’ on the brain and
body, biological responses may be compromised, or fail
outright. Allostasis refers to the continual changes in set
points (i.e., lower or higher ranges) of physiologic systems
to maintain constancy [20, 34] with repeated and ongoing
(i.e., chronic) exposure to determinants of perinatal distress
over the course of pregnancy [16, 35, 36]. The resulting
dysregulation of interrelated systems may, over time, reach
a ‘‘tipping-point’’ [16] referred to as allostatic load or
overload, that ultimately results in pathophysiological
effects. In the case of perinatal distress, effects can include
preterm birth [20, 34] and altered maternal and infant
behaviors that adversely influence infant survival and
development [15, 16, 18–21, 37].
A critical narrative and interpretive review [38] was
undertaken to: (a) determine the etiologic contribution of
perinatal distress on preterm birth in pregnant women in
LMIC; and (b) develop a conceptual framework that
would explicate the potential casual links of perinatal
distress to preterm birth and infant health (i.e., infant
survival, and mother–infant interaction). The goal of the
review was to inform future research in LMIC by pro-
viding a conceptual framework to examine psychosocial
and environmental factors as both risk factors and targets
of intervention to prevent preterm birth (i.e., improve
maternal health outcomes) and improve infant survival
and development.
Methods
Search and Selection Strategy
We searched peer-reviewed electronic databases including
MEDLINE (1946–January 2013), Embase (1974–January
2013), Global Health (1910–January 2013), and Cumula-
tive Index to Nursing and Allied Health Literature (CIN-
HAL) (1990–January 2013). Grey literature (e.g.,
unpublished theses, organizational websites), reference
lists, and an existing network of experts in the area
(including research team members from Pakistan, Kenya,
and Tanzania) were also used in identifying relevant pub-
lications. A conventional review technique using the search
strategy and selection strategy detailed in Table 1 proved
to be limiting given the dearth of literature in LMIC (see
Figs. 1, 2). In contrast, a search of the existing literature
using all key words, combined terms, and exclusion criteria
(i.e., etiology and conceptual framework) without limiting
the country of origin generated 6,908 records.
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Applying a precise review question or narrowing the search
by assembling certain levels of evidence is restrictive when
the intent of the literature review is also to generate a theory
[38]. Consequently, we used a critical narrative and inter-
pretive synthesis approach [38], based in dialectic process
including both inductive and deductive reasoning, to guide our
sampling of the extant literature, regardless of study type and
location of study, while maintaining a focus on the aims of the
review. As a starting point we used our earlier review [39] on
the relationship between prenatal stress, depression, cortisol
and preterm birth, and the literature reviewed here. We then
purposefully sampled the existing literature to elaborate on the
phenomena of interest and our analysis of the literature. The
approach we used to develop the conceptual framework was
iterative and the emphasis of the review changed and was
informed by our emerging understanding and analysis of the
literature (i.e., recursive and reflexive). We continued to
sample the literature until there was saturation, that is, similar
ideas emerged repeatedly [38]. A total of 73 articles identified
through this iterative process complemented the eight articles
identified in the initial search (see Figs. 1, 2).
Quality Assessment and Data Extraction
All types of studies were valued for their contribution, as
they provided new ways of understanding our emergent
conceptual framework and causal links between perinatal
distress and preterm birth. Criteria for assessment included:
(1) whether the study design was appropriate given the aim
and objectives of the study; (2) appraisal of study reporting
(e.g., data collection process described, appropriate method
of analysis, enough data shared to support interpretation
and conclusions); or (3) judgment about whether the study
clarified what is known and what is not known, and
informed the interpretation of concepts or the review in
general [38]. No papers were removed because of poor
methodological standards.
Consultation Exercise
Towards the end of the review, a group of stakeholders
(researchers, clinicians, academics, and policy decision-
makers) from Pakistan, Kenya, Tanzania, and Canada were
Table 1 Key words, combined terms, and selection criteria
Key words Combined terms Selection criteria
Etiologic
contribution of
perinatal
distress on
preterm birth
Stress; anxiety; depression; stress,
maternal; stress, psychological;
chronic stress; postpartum depression;
perinatal distress; or perinatal
depression
Pregnancy; women; pregnant, women;
perinatal outcomes; infant health; infant
survival; mother–infant interaction;
maternal health; or preterm birth
Pregnant or postpartum women;
recruitment in low- and middle-
income countries; assessed
psychosocial health/factors;
examined any determinant of
health that would impact maternal
psychosocial well-being and
maternal or infant health; any
study design; human; English
Conceptual
framework
Allostasis or allostatic load Pregnancy; preterm birth; or brain Pregnant or postpartum women;
recruitment in low- and middle-
income countries; maternal health;
infant health; any study design;
human; English
Fig. 1 Overview of trial flow through the search and selection
process: Contribution of perinatal distress on preterm birth
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brought together to add additional insights and refine the
conceptual framework. Terminology, such as perinatal
distress, was clarified and a common understanding was
developed of concepts. Essential elements of the frame-
work were identified and revisions were made to better
illustrate relationships between components. Through an
iterative and consensus building process with feedback
received from peer-reviewers of this manuscript, we pres-
ent the final conceptual framework (see Fig. 3).
Findings
Perinatal mental health of women living in LMIC, partic-
ularly mental health during pregnancy, received little
attention until 2002. LMIC were represented in only 8 and
15 % of the pregnant- and post-partum related studies,
respectively compared to 90 % of high income countries
[1, 40]. A systematic review [1] and a report of the World
Health Organization-United Nations Population Fund [40]
concluded that available literature from LMIC (41 studies)
suggests a wide range in prevalence rates of perinatal
mental disorders as a consequence of place of recruitment
(e.g., tertiary hospital, provincial or district health services,
and community facilities), and methodology (e.g., time of
data collection, and screening instruments). An average
prevalence of 15.9 % (95 % CI 15.0–16.8 %) during
pregnancy and 19.8 % (95 % CI 19.2–20.6 %) postpartum
were reported [1], with depression and anxiety disorders
being the most frequent diagnoses in both periods [1, 40].
The conceptual framework to examine risk factors for
perinatal distress varied among the 31 studies and therefore
data could not be pooled [1]. Findings related to risk and
protective factors of perinatal distress were mixed and the
majority did not address all the domains of the social
determinants of health used to synthesize the literature,
namely, socioeconomic factors, quality of relationship with
intimate partner, family and social relationships, repro-
ductive and general health, history of mental health prob-
lems, and infant characteristics [1]. Social factors,
particularly those beyond the women’s control, seem to
influence perinatal mental health of women in LMIC [1].
Moreover, prevention of preterm birth has received little
attention in these countries. Although we were able to
identify nine studies focusing on preterm birth in LMIC,
none examined the relationship between perinatal distress
and preterm birth. Five studies [7–10] reviewed epidemi-
ology including global trends, causes, and interventions
thus informed this review. However, four studies were
excluded as they focused on the use of antenatal steroids in
LMIC (two studies), or long-term neurodevelopmental
outcomes of preterm infants born in LMIC (two studies).
Thus, in LMIC there are missed opportunities to address
mental health needs of women along the perinatal contin-
uum and contribute to scientific knowledge and evidence-
informed practices and policies to reduce preterm birth and
improve infant health outcomes.
Perinatal Distress Predicts Preterm Birth
The term ‘‘perinatal distress’’ encompasses a spectrum of
psychological conditions in response to experiences of
episodic and chronic stress associated with adverse socio-
economic, cultural, and environmental phenomena [41].
The North American literature suggests that pregnancy-
related anxiety, which relates to the women’s fears about
the infant’s health, delivery, her own health and survival
during the birthing experience, and the impending
responsibility of providing for the child [42], is a stronger
determinant of preterm birth than general anxiety [5, 6, 42–
44]. Though many North American and European studies
have shown an association between general anxiety and
preterm birth (e.g., [45, 46]), the findings have been mixed
(e.g., [47, 48]). In one study, changes in anxiety level over
time rather than the anxiety level at one time point pre-
dicted preterm birth [49]. North American and European
studies examining the relationship between depression and
preterm birth have also shown inconsistent findings, with a
Fig. 2 Overview of trial flow through the search and selection
process: Allostasis and allostatic load
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minority of the studies finding a statistically significant
association between depression and preterm birth (e.g., [44,
46, 50]).
Many distinguishable forms of stress can be grouped
into chronic stressors and episodic (i.e., acute) stressors.
Chronic stress differs from acute stress, in that the threat or
demand is long-lived, and often without resolution [13].
The chronic stress of homelessness or household strain has
been associated with preterm birth [41]. A study of 739
low-income African-American pregnant women in the
United States found that inadequacy of time and money for
non-essentials (e.g., time to look nice, time with friends
and family) were mediating factors for preterm birth,
whereas multidimensional stress (money worries, family
problems, and neighborhood crime) and locus of control
were independent predictors of preterm birth [51]. Neigh-
borhood-level stressors, such as poverty, crime, and racial
composition have also shown an independent impact on
preterm birth [41]. Episodic stressors include catastrophic
events, such as natural disasters (e.g., hurricane, earth-
quake, and drought), and manmade calamities (e.g., polit-
ical strife, and war), have shown varied impacts on
pregnancy outcomes from no detected effect (e.g., [52]), to
lower [53] and higher [54] rates of preterm birth. The
inconsistent findings may be explained by differences in
levels of support, medical care, and changes in behavior
following the event [41].
Based on the current literature, a multidimensional
approach for examining perinatal distress is evident. None
of the studies located examined all of the above dimensions
of perinatal distress in relation to preterm birth in the same
sample. Whether perinatal distress predicts preterm birth in
LMIC remains to be established, as none of the studies
considered women in LMIC despite nine of the 11 coun-
tries with the highest rate of preterm birth being LMIC [9].
In our pilot study [55] the odds of preterm birth were 1.44
times higher in the depressed Pakistani women than in the
non-depressed Pakistani women. The social, cultural, and
environmental context of LMIC provide the potential for
an in-depth investigation of the multidimensional nature of
perinatal distress, which could not be achieved in high-
income countries, as all dimensions of perinatal distress co-
exist in one setting. Furthermore, the void of empirical
literature stemming from LMIC on perinatal distress makes
Fig. 3 Perinatal distress and pathways to pregnancy outcome: Allostatic load as a conceptual framework
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it imperative to examine the etiologic contribution of
perinatal distress on preterm birth in LMIC.
Explaining Causal Links of Perinatal Distress
to Preterm Birth
In an attempt to adapt or maintain stability (i.e., allostasis),
the body responds to perinatal distress (i.e., stress, anxiety,
or depression) by producing multisystem physiologic
responses through the production of hormonal and neuro-
transmitter mediators [20, 56, 57]. In addition to being
protective or adaptive, these mediators can have damaging
effects [58]. Over time, repeated fluctuations and elevated
levels of physiologic activity can lead to inefficiency in
allostasis where accumulation and overexposure to these
mediators (i.e., allostatic load) may results in organ system
failure [56, 58]. According to the conceptual framework of
allostatic load, composite measures of biomarkers (i.e.,
hormonal and neurotransmitter mediators) versus individ-
ual biomarkers may be a stronger predictor of negative
consequences of perinatal distress [56, 59]. The original set
of ten parameters of allostatic load continues to expand
[60]. Empirically supported allostatic load biomarkers
implicated in the pathophysiological process linking peri-
natal distress to preterm birth include:
Cortisol
The brain coordinates the interconnected set of neuroendo-
crine and behavioral responses to perinatal distress [58, 61].
Cortisol, regulated via the HPA axis, is a primary hormone
reported to be elevated in response to stress induced by
physical, cognitive and psychosocial challenges [58, 61].
Cortisol is also proposed to be a primary mediator contrib-
uting to allostatic load [59, 61]. Although chronically high
levels of cortisol have been the focus in the interplay between
stress and allostatic load, low cortisol has also been impli-
cated in adverse health outcomes [61]. Consequently,
response and recovery promoting optimal functioning of
pathophysiologic processes following stress is important
when considering allostatis [61]. Thus, low values and high
values may be predictive of preterm birth. Cortisol, mea-
sured in blood, has been reported in the majority of studies to
have a positive association with preterm birth [62].
Corticotropin-Releasing Hormone
Pathologic levels of cortisol can increase the production of
placental corticotropin-releasing hormone (CRH) in a dose
response relationship [63]. Placental CRH levels beyond a
certain threshold can have a paradoxical effect of preparing
for labor and initiating contractions [63]. In the pregnant
state, the diurnal variations in hormones, such as cortisol,
are to a certain extent diminished [34]. In an attempt to
compensate for the dysregulation of cortisol, systemic
responses of the metabolic, inflammatory, and cardiovas-
cular systems may also experience dysregulation [36, 64].
Triglyceride, Total Cholesterol, Low-Density Lipoprotein,
and High-Density Lipoprotein
Total cholesterol, and high-density lipoprotein (HDL),
represent the primary effects in response to dysregulation
of cortisol [59]. Hypercholesterolemia (a secondary medi-
ator) may result in response to high levels of cortisol which
mobilizes lipids from adipose tissues [65]. Although high
levels of cholesterol decreases uterine contractility [65], in
combination with the natural lipid profile of pregnancy
[66], an allostatic load effect may alter the vulnerability of
the uterine smooth muscle thereby changing its propensity
to remain quiescent during pregnancy. During pregnancy,
the lipid profile of women changes (i.e., increase in tri-
glyceride, total cholesterol, and low-density lipoprotein) in
response to hormonal changes occurring with increasing
gestational age [66]. Alternation in lipid metabolism, spe-
cifically delayed clearance of triglycerides, has been
implicated in pregnancy complications (e.g., hypertension
and development of preeclampsia) that may lead to medi-
cally indicated preterm birth [66], as well as adverse
pregnancy and infant outcomes [67].
White Blood Cell Count, C-Reactive Protein,
and Cytokines
Primary effects, such as changes in inflammatory bio-
markers in response to primary neuromediators (i.e., corti-
sol) of stress, have been implicated in the pathway to
preterm birth. A systematic review examining the associa-
tion between inflammatory cytokines and risk of sponta-
neous preterm birth in asymptomatic women concluded that
the maternal–fetal interface, rather than systemic inflam-
mation, plays a major role [68]. Pregnancy-related anxiety
has been associated with preterm birth [6, 69], but among
these two studies, only one found that inflammatory
markers mediated this influence [69]. Various scales were
used to measure pregnancy-related anxiety and samples
were drawn from high-income countries with low rates of
preterm birth.
Immunosuppression of cellular and humoral immune
activity resulting from dysregulation of neuroendocrine
mediators, is either site specific (e.g., bacterial vaginosis)
[70] or systemic, and may increase risk of infections which
may be monitored by examining changes in white blood
cells counts. In a meta-analysis, bacterial vaginosis
was identified as a strong risk factor for preterm birth,
with individual studies repeatedly and consistently
2398 Matern Child Health J (2014) 18:2393–2407
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demonstrating an association [70]. A connection has also
been demonstrated between prenatal stress and C-reactive
protein (CRP) [69]. Increased inflammatory cytokines
produced both in response to stress (primary mediators)
and in response to the infection stimulates production of
CRP and triggers prostaglandin production which is a
mediator of labor [71]. Typically increased cortisol levels
serve as a negative feedback loop to decrease production of
cytokines and hormones [71]; however, the dysregulation
of neuromediators most likely impairs this negative feed-
back loop.
Immunoglobulin G
Immunoglobulin G, an antibody that crosses the placenta,
is critical in protecting the infant from infection in the
neonatal period. Lower transplacental ratios of immuno-
globulin G have been reported in preterm infants [72]. High
levels of immunoglobulin G, in response to dysregulation
of cortisol, is proposed to saturate binding sites, thereby
limiting the placenta’s efficiency in transfer of immuno-
globulin G [73]. Since the infant’s humoral response is
inefficient, the impaired transfer of immunoglobulin G may
further compromise the infant’s ability to fight infection in
early life [73] and increase risk of mortality.
Blood Pressure and Heart Rate
Increased blood pressure and heart rate represent a disease
state or disorders resulting from allostatic load, as a con-
sequence of secondary outcomes and primary mediator of
stress [59]. Cardiovascular reactivity is normally reduced
in pregnancy [74]. However, increased levels of cortisol
may increase maternal cardiovascular reactivity (e.g.,
increase blood pressure and heart rate—secondary media-
tors) [34] by altering maternal, placental or fetal hemody-
namics [75]. A relationship has been demonstrated between
high diastolic blood pressure responses to stress during
pregnancy and decreased gestational age at birth [75–78].
A dose–response pattern has been observed between the
rise in blood pressure and spontaneous preterm birth [79].
There is empirical support (approximately 60 studies)
for an association between increased allostatic load and
negative health consequences of stress (e.g., cardiovascular
disease) [80]. Notably, none of the documented studies
(e.g., [6, 55, 81–85]) examining the relationship between
perinatal distress, biomarkers of stress, and preterm birth
have made use of allostatic load in their conceptual
framework. Moreover, the scales used to measure perinatal
distress, biomarkers of stress examined, time periods of
measurements and findings have varied between studies
(see Table 2). Individual mediators of stress examined in
these studies included cytokines (interleukin-10,
interleukin-6 and tumor necrosis factor-alpha), CRP [69],
cortisol [6], and CRH [6]. Interrelated physiological (i.e.,
biochemical) response patterns [86, 87] and composite
measures involving several biochemical measures offer a
more objective and quantifiable indicator of the level of
perinatal distress in pregnant women in LMIC who are in
difficult cultures, than self-report psychological measures
of perinatal distress [56, 59]. The risk of preterm birth will
be higher when there is an inadequate response to prenatal
distress (i.e., high perinatal distress and low allostatic load)
or prolonged response to a previous stress (i.e., low peri-
natal distress and high allostatic load) [20, 57]. Identifying
high risk pregnant women in LMIC and understanding the
pathophysiological process of poor pregnancy and health
outcomes will guide the development and evaluation of
therapeutic interventions to avert preterm birth.
Explaining Causal Links of Perinatal Distress to Infant
Health
Allostatic load or overload exerts its influence on biologi-
cal indices or mediators of the HPA axis and sympathetic–
adrenal–medullary systems involving a complex interplay
between the mother and fetus [13, 59]. The dysregulation
of cortisol influences the permeability of the placenta to
cortisol, thereby altering the placental and fetal environ-
ment [64] and potentially increasing permeability of other
mediators which typically do not cross the placenta (e.g.,
epinephrine). The health of the fetus and newborn ‘‘mirror’’
the health of the mother whereby the fetus or newborn
mimics the biochemical profile of the mother. Allostatic
load in the fetal brain may also alter behavioral systems
which involve attachment/approach and avoidance behav-
iors that are integral to survival [16, 18, 58]. Allostatic load
may also alter the function (e.g., affective, cognitive, and
social) and structure of the brain, and pathological levels
may impact developmental outcomes [19]. Perinatal dis-
tress may directly (e.g., alter structure and function of
brain) or indirectly (i.e., through mother–infant interaction)
influence infant health and well-being.
In addition to activating the HPA axis, and sympathetic,
immune and cardiovascular systems, psychosocial health
during pregnancy has been linked to negative maternal
health behavior (e.g., consuming non-nutritive substances
like soil, consumption of alcohol, and cigarette smoking)
[88]. Maternal prenatal distress and postnatal distress may
result in the same disorders simply manifested along the
perinatal continuum [89]. Altered parenting patterns (i.e.,
lack of responsivity to infants’ needs [90, 91], inability to
coordinate age-appropriate activities [92], and harsh par-
enting style [93] ) observed in mothers with PPD may
contribute to infant stress, with cumulative stress influ-
encing vulnerability to death, disease, or poor
Matern Child Health J (2014) 18:2393–2407 2399
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at
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at
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it
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p
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h
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at
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b
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d
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at
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b
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ro
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b
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(d
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(d
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w
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H
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p
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d
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H
an
d
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b
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d
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p
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p
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d
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w
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p
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at
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c
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b
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d
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d
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p
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at
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w
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b
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w
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b
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b
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d
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at
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h
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g
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b
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it
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b
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at
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at
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ra
ct
ic
es
in
L
o
s
A
n
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x
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u
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it
er
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:
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8
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,
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b
ir
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le
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n
b
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b
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p
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o
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v
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at
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at
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d
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v
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b
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p
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d
el
iv
er
ed
at
te
rm
.
M
ed
ia
ti
o
n
ef
fe
ct
o
f
C
R
H
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ra
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.
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n
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ti
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u
b
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p
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it
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.
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x
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it
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e
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h
y
p
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b
et
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ta
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re
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et
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p
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p
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g
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d
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d
el
iv
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r
fe
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s
w
it
h
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n
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it
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an
o
m
al
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b
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b
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b
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er
ce
iv
ed
so
ci
al
su
p
p
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P
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g
n
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x
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S
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,
L
O
T
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p
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m
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m
an
d
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m
is
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,
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n
g
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o
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’s
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p
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o
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b
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co
m
p
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m
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e
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p
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)
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r
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h
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o
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at
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n
o
f
v
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n
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p
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n
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d
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x
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y
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d
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d
ep
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d
en
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y
as
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w
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h
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o
n
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n
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u
s
p
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te
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b
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d
a
d
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o
n
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p
o
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q
u
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H
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r
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o
l
w
as
p
o
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v
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at
ed
w
it
h
g
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o
n
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b
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p
la
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R
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r
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o
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n
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l
h
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h
o
lo
g
y
(i
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at
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at
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at
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d
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s
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l
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b
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[d
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at
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d
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(d
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it
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p
re
v
ia
(d
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h
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at
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developmental outcomes through the effects of infant al-
lostatic load [15–21]. Although in LMIC there is limited
evidence examining the contribution of prenatal distress to
infant health outcomes (e.g., [94]), there is extensive sci-
entific evidence linking PPD and infant health [95] that
may be explained by the conceptual framework of allo-
static load.
Our pilot data suggests that the odds of depression are
2.7 times greater (95 % CI 1.16–6.17, p = 0.015) in
Pakistani mothers of preterm infants than Pakistani moth-
ers of full-term infants [96]. Thus, for infants born in
LMIC, the interactive effects of biological vulnerability
associated with being born premature, social vulnerability
inherent in women’s responses to their environment during
the postpartum period and inequities in determinants of
health (i.e., poverty, poor nutrition) places them at triple
jeopardy to experience poorer health outcomes. In LMIC,
premature infants’ chance of survival, well-being and
lifetime developmental and behavioral success may depend
on reducing or managing risk factors associated with
perinatal distress. For example, implementing early inter-
ventions to reduce the risk of stress, anxiety or depression
during pregnancy or improve maternal behavior (i.e.,
increase responsiveness to infant) in the months following
the birth of the infant may be warranted.
Discussion
The conceptual framework of allostatic load relates preterm
birth to the social, environmental, and biological antecedent
of perinatal distress, thereby enabling researchers to
examine the interrelationships between various determi-
nants of health. It provides an integrated model that is
essential to examine the nature of risk (i.e., cumulative risk)
across many systems at the same time and the temporal
effects of the risk(s). The use of the conceptual framework
of allostatic load to examine the etiologic contributions of
perinatal distress on pregnancy and infant outcomes will
necessitate longitudinal study designs with multiple time
points (e.g., first trimester, early and late second trimester,
and third trimester), and multiple measures of data collec-
tion (i.e., all dimensions of perinatal distress).
Although for our purpose we have focused on the neg-
ative pregnancy outcome of preterm birth, the conceptual
model can be used to investigate pathways for positive
pregnancy outcomes. A positive health focus may facilitate
population level interventions directed at promoting mental
health during pregnancy or ‘‘salutogenesis’’ within the
context of their social, cultural, and political environment
[97]. In LMIC, focusing on what makes women resilient in
the face of toxic stress (i.e., pervasive, uncontrollable
stress)—that is, improving their sense of coherence or
‘‘way of being in the world’’ [98]—may reduce the burden
of health care service delivery. Furthermore, this type of
research will facilitate identification of culture-sensitive
strategies [98] to promote the mental health of women
along the perinatal continuum. However, it will be
important to debate and discuss social and cultural norms
and policies that undermine, both at an individual level and
society level, women’s mental health during pregnancy and
postpartum and access to mental health services.
Building research capacity will be essential to addressing
the under-representation of pregnancy and post-partum rela-
ted studies in LMIC. Facilitating partnerships between
researchers in high-income countries and LMIC to identify
and resolve unique challenges related to ethical conduct of
research will be important to generating new knowledge in
LMIC. Key among these challenges is the communication and
understanding of informed consent [99]. Since women in
LMIC are underprivileged (e.g., poor, with limited access to
health care), they may be particularly vulnerable to coercion.
Moreover, in keeping with the World Medical Association
Declaration of Helsinki, the research should ‘‘be responsive to
the health needs and priorities of this population or commu-
nity’’ [100]. Since mental health care services may be non-
existent or limited and predominantly hospital based [101]
consideration should be given to developing or strengthening
local mental health care referral services that will continue to
serve the women after completion of the study. Strategies
(e.g., referrals) will need to be developed to minimize risk and
prevent harm to women participating in the study over the
course of their pregnancy and following birth of their baby.
Aside from these ethical issues, studies involving blood
sampling for allostatic load parameters need to critically
consider the available laboratory infrastructure. Study
procedures including procurement of laboratory samples,
storage, transportation and processing may create technical
and logistical difficulties. Establishing standard procedures,
training and supervision of local researchers to develop
research capacity, and assisting with knowledge transfer
may mitigate logistical issues and ensure adherence to
study protocols [102, 103]. Furthermore, quality assurance
measures may need to be established to ensure quality data
[104]. Recruitment and retention of subjects may present
significant challenges [105] as infrastructure, including
communication to arrange follow-up visits and clinical
facilities for care may be lacking [102].
Conclusion
Pregnant women in LMIC have been a neglected population in
studies on perinatal distress and pregnancy and infant out-
comes. Given inequities in determinants of health and the
social, cultural, and political contexts of childbearing women
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in LMIC, these women may experience differential vulnera-
bility to risk factors for perinatal distress and poor pregnancy
outcomes. Prospective studies with multiple biological and
psychosocial measures of stress, depression or depressive
symptoms and its antecedents (e.g., childhood stress, major
life events, etc.), state and trait anxiety, and pregnancy-related
anxiety may add new knowledge and enhance our under-
standing about the etiologic contributions of psychosocial
processes to preterm birth. A theoretical framework of allo-
static load will enable researchers to concurrently examine
social, environmental, and genetic antecedents of stress-
related vulnerability and physiological (e.g., immune system,
placenta) and behavioral responses that influence not only
pregnancy outcomes of women in LMIC but also the life
trajectories of health and wellness of the fetuses/infants (i.e.,
mortality and morbidity over time) [64]. Interrelated physio-
logical (i.e., biochemical) response patterns [86, 87] and
composite measures involving several biochemical measures
offer a more objective and quantifiable indicator of the level of
perinatal distress in pregnant women in LMIC. We propose
that researcher maintain a positive health focus by identifying
protective factors or processes that contribute to resilience in
the face of toxic stress. When planning research studies using
an integrative approach with both biological and psychosocial
measures in LMIC, of critical importance is the adherence to
principles of ethical conduct of research, engaging local
researchers and other stakeholders to anticipate operational
challenges to conducting research, and ensuring that the
research is responsive to the needs of women during the
perinatal period.
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